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Photo-physical properties of lanthanides doped O-bridged conducting indole
oligomer
Abstract
The indole oligomers were synthesized by an effective green route in the water medium. This is an effort
to synthesize commercially important indole oligomers without using any harmful chemicals and artificial
media. The lanthanide chlorides such as LaCl3·7H2O, CeCl3·7H2O, PrCl3·6H2O and NdCl3·6H2O were used
in the synthesis procedure to minimize the reaction time. Unlike the previous works, these reactions
occurred at somewhat elevated temperature. In the reaction, the salts of lanthanide metals acted as a
catalyst and further behave as dopants. These dopants increased the various properties (like conducting
behavior) of the oligomers. The synthesized hetero-oligomers were characterized by different
physicochemical and spectral techniques. The luminescence phenomenon was studied by the
absorbance, excitation and emission peaks, justifying the upconversion phenomenon. The conducting
behavior of these oligomers was studied at different concentrations to observe the dependence of the
conduction of electrons at various concentrations. In this manuscript, we first time introduced the
LnCl3·xH2O to observe their behavior towards the reaction procedure, their doping behavior and the
morphology of the synthesized oligomer particles. This study is an effort to synthesize the valuable indole
oligomer via a more convenient way, which can be applicable in the field of luminescence, conductance,
etc.
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1. Introduction
The conducting polymers have several applications in different fields like in diodes, capacitors,
rechargeable batteries, LEDs, sensors, transistors,
material science, agrochemical and biological areas
[1e4]. The conducting polymer containing multiwall
carbon nanotubes have the application in the
adsorption and separation of cadmium and lead ions
via solid-phase extraction, as the efficient sorbent for
trace determination of cadmium and lead ions in
water, in removal and trace detection of lead ions in
food and environmental samples, as sorbent for solidphase extraction of trace palladium ions in soil and
water [5e8]. From the literature, it is also known that
the PAN-based electrospun nanofiber webs containing NieZnO can act as high-performance visiblelight photocatalyst [9]. By perceiving the diverse
application in the above fields and the demand of
conducting polymers in bulk quantity, considerable
attention has been devoted to the synthesis and study
of these polymers. The indole is an organic species,
having a benzene ring and a five-membered ring
containing a heteroatom. Due to its structure indole
itself has good electrical conductivity and thermal
stability. To increase its various properties, the indole
was polymerized by Taourillon and Garnier [10], by
anodic oxidation. But the performance was not found
satisfactory. After that, many efforts (like electrochemical oxidation, emulsion and interfacial polymerization, etc.) are made to synthesize more
efficient polyindoles [11e14]. Most of the preparations involve the use of organic and harmful solvent
media, artificial atmosphere, excess reaction time and
eminent amount of oxidants. The resulting polymers
are mostly insoluble, having applications like high
redox activity and stability, slow degradation, used in
anti-corrosion coatings, pharmacology, electrolysis,
electrochemical cycling, drug delivery, etc. and show
electrical conductivity in the range 101-107 S/cm
[11,12].
In the recent decade, some attention has been paid
to controlling the particle morphology of polyindole
[11]. The particles of these polymers are of different
sizes and shapes and have promising applications in
numerous areas [15e19]. There are several techniques
to produce different sizes and shapes of polyindole
particles [14,20e22]. For example; Katesara et al. used

a surfactant to control the morphology of indole
polymers [11].
After the thorough study of literature and by understanding the importance and demand, the polyindole was synthesized, characterized and applied to
various aspects. There is a number of literatures are
present in which dimers, trimers, and tetramers were
synthesized [23,24]. Herein we report a pentamer of
indoles, which are soluble in various organic solvents.
Avoiding the use of harmful chemicals/solvents, here
we outlined the eco-friendly and cost-effective
methods of synthesis. To minimize the reaction time,
to increase the conductance, to control the
morphology and to study the unique upconversion
(anti-Stokes type emission) phenomenon (in contrast
to the previous reports), we introduced the salt of
lanthanum, cerium, praseodymium, and neodymium
in varying reaction media as doping agents and studied
the effect of the addition of these salts. Since the
conducting polymers also have applications in polymer solar cell, chemical sensors, chemiresistors, fieldeffect transistor (FET) sensors, corrosion protection
etc. therefore having the indole unit and lanthanide
element traces, these synthesized doped indole oligomers can also show these properties in great extent
[25].
2. Methods of synthesis
All the reactions were carried out in an eco-friendly
water environment. No any other solvents/acids/bases
were used in these syntheses. Indole (Kemphasol,
India), LaCl3$7H2O (S.D. Fine, India), CeCl3$7H2O
(HPLC, India), PrCl3$6H2O (HPLC, India), and
NdCl3$6H2O (HPLC, India), FeCl3 (S.D. Fine, India)
were used as purchased.
2.1. Synthesis of IneOeIn
Indole and FeCl3 were mixed in hot water in 4:1 M
ratio. The content was stirred continuously for 16 h by
increasing the temperature from 50 to 90  C by a rate
of 2.5  C/h. After reducing the water, a soil colored
precipitate was obtained, which was filtered by
Whatman filter paper number 42 and washed thoroughly with cold and hot water. The details of synthesis are given in Table 1 and the reaction is given as
Scheme 1.

https://doi.org/10.33640/2405-609X.1471
2405-609X/© 2020 University of Kerbala. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
by-nc-nd/4.0/).
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Table 1
Different reaction conditions for the polymerization of indole.
S. No.

Indole
g (mmol)

FeCl3
g (mmol)

LnCl3$xH2O
g (mmol)

Temp. ( C)

Reaction
time (hours)

Color

% yield

Sample
abbreviation

1
2

1 (8.53)
1 (8.53)

0.35 (2.13)
0.35 (2.13)

50e90
50

16
3

Soil
Dark reddish-brown

70
89

PIn
LaePIn

3

1 (8.53)

0.35 (2.13)

50

4

Dark brown

84

CeePIn

4

1 (8.53)

0.35 (2.13)

50

4.5

Reddish-Brown

92

PrePIn

5

1 (8.53)

0.35 (2.13)

e
LaCl3$7H2O
0.79 (2.13)
CeCl3$7H2O
0.80 (2.13)
PrCl3$6H2O
0.76 (2.13)
NdCl3$6H2O
0.76 (2.13)

50

5

Brown

80

NdePIn

2.2. Synthesis of IneOeIn catalyzed by lanthanide
metal salts
8.53 mmol of indole was dissolved in hot water
(48  C) and an aqueous of lanthanide metal salt was
added to it. An aqueous solution of FeCl3 was added in

the above reaction mixture and stirred it for 3e5 h at
50  C temperature. After reducing the water, some brown
colored solid was obtained, which was filtered by
Whatman filter paper number 42 and washed thoroughly
with cold and hot water. Details of the reaction conditions
are given in Table 1. The reaction proceeds in the process
of the polymerization can be seen as Scheme 1.
3. Characterization techniques

Scheme 1. Reaction pathways for synthesizing the indole oligomer.

FTIR spectral bands were obtained by a Thermo
Nicolet spectrometer in the range 4000-400 cm1 with
the resolution 4 cm1. NMR bands were detected by
Bruker Avance III FTNMR spectrometer, with frequency 400 MHz in DMSO solvent. Elemental analysis (C, H, and N) were carried out on an Elementar
Vario EL III C, H, N, analyzer. Oxygen was analyzed
by EuroVector elemental analyzer. To confirm the
presence of the elements and the sizes of nanoparticles,
SEM-EDX was carried out by F E I Quanta FEG
200eHigh-Resolution Scanning Electron Microscope.
The TEM images were obtained by transmission
electron microscope model Jeol 2100 at 200 kV using
LaB6 electron gun with point resolution 0.23 nm and
lattice resolution 0.14 nm. Powder X-ray diffraction
studies were carried out on model Bruker AXS D8
Advance diffractometer at temperature range 170  C
to þ450  C. The molecular ion peak was detected by
Agilent 6520 Q-TOF (ESI-HRMS) spectrometer. The
thermal behavior of the oligomers was studied by
NETZSCH STA 449 F3 Jupiter thermal analyzer in a
nitrogen atmosphere at 20 mL/min flow rate. The absorption, excitation and emission spectra were recorded in THF using Varian, Cary 5000 UV-visible
spectrophotometer and Jobin Yvon Fluorolog-3-11
spectrofluorimeter. Electrical conductance was
measured by Toshcon Auto Ranging Digital Conductivity/TDS Meter TCM 15þ in acetonitrile solution at
different concentrations.
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4. Results and discussion
All the oligomers synthesized by different techniques were different in color. The difference in color
indicates the presence of different dopants in
different materials. These all were stable in air and
soluble in CHCl3, ACN, THF, DCM solvents. Molecular weight measurement shows that these oligomers were pentameric in nature. The elemental
analysis (C, H, N, and O) data are in accordance with
the stoichiometry proposed. EDX and PXRD peaks
indicate the presence of lanthanide elements in the
materials. The analytical and physical details are
given in Table 2.
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d 8.91e9.16 ppm, indicates the presence of NeH bond
[36]. The presence of the NeH peak showing the noninvolvement of eNH group which is also supported by
FTIR spectra. The presence of aromatic protons was
confirmed by the presence of multiplet in the range
d 7e8 ppm [37]. Peaks present at d 7.23e7.25 and
6.54e6.56 ppm indicate the existence of the CeH
bond of the 2nd and 3rd position of the fivemembered ring [38]. A shifting in peaks in comparison
to indole moiety shows the polymerization of indole
moieties. The proton NMR spectral data for all of the
oligomers have been summarized in Table 4 and the
spectrum is given as Fig. 2.
4.3. ESI mass spectrometry

4.1. FTIR spectral analysis
The FTIR studies of PIn have been well described
in the literature [26]. The FTIR spectra of all the
oligomers show the band in the range
3405e3413 cm1 which confirms the presence of
NeH bond [27,28] indicating the non-involvement of
eNH group in the polymerization [29]. The stretching
mode of the aromatic ring was indicated by the
presence of bands in the range 1407e1623 cm1 [30].
The CeN stretching band was found at 13311335 cm1 [31]. The CeOeC bond was confirmed by
the appearance of the band at 1095-1116 cm1
[32,33]. Based on above, the 2nd and 3rd position of
the five-membered ring is the point of polymerization
[34,35]. The presence of the CeOeC bond peak indicates that the polymerization takes place by incorporation of oxygen moiety. The spectral bands are
showing in Fig. 1, and details are given in Table 3.
4.2. FTNMR (1H NMR) spectroscopic
characterization
The characteristic signals in proton NMR of oligomers were detected by 1H NMR spectra in deuterated
dimethylsulfoxide (DMSO). The signal in the range

The molecular ion peaks were detected by the
positive ESI method of mass spectrometry which
confirms the molecular weight of the oligomers. The
peak at m/z ¼ 652.6963 (1), 652.6242 (2), 652.6711
(3), 652.6629 (4) and 652.7134 (5) ESI mass spectrum
pattern confirms their existence as pentamers. The
fragmentation patterns of these oligomers are also in
support by the TGA-DTG decomposition pattern. The
obtained molecular weights from the ESI pattern are
given in Table 2.
4.4. EDX and PXRD studies
The EDX pattern shows the presence of elements in
the synthesized indole oligomer. The peaks found in
EDX are in good support of the elemental analysis
done for the samples. The EDX images also indicate
the presence of lanthanide elements in the indole
oligomers. Since the percentage of these lanthanides is
in very less quantity, therefore one can say that these
elements can be present in the form of dopants. EDX
images of all the synthesized oligomers are given as
supplementary information SI 1 (a-d).
The presence of lanthanides can also be indicated
by the PXRD peaks. Presence of peaks at 2q ¼ 26.725

Table 2
Molecular weight and elemental analysis details.
S. No.

Oligomer

Mol. Wt. (m/z)
Found (Calc.)

%C
Obs (Calc.)

%H
Obs (Calc.)

%N
Obs (Calc.)

%O
Obs (Calc.)

1
2
3
4
5

PIn
LaePIn
CeePIn
PrePIn
NdePIn

652.6963
652.6242
652.6711
652.6629
652.7134

74.67
74.76
74.79
74.80
74.76

4.25
4.25
4.23
4.25
4.23

10.93
10.90
10.94
10.94
10.88

9.99
9.96
9.95
9.98
9.96

(651.7513)
(651.7513)
(651.7513)
(651.7513)
(651.7513)

(74.71)
(74.71)
(74.71)
(74.71)
(74.71)

(4.24)
(4.24)
(4.24)
(4.24)
(4.24)

(10.91)
(10.91)
(10.91)
(10.91)
(10.91)

(9.97)
(9.97)
(9.97)
(9.97)
(9.97)
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Fig. 1. FTIR spectral peaks of LaePIn.

Table 3
FTIR spectral peaks of oligomers.

Table 4
Proton NMR shifts of oligomers.

S. No. Oligomer Wavenumbers n (cm1)

S. No. Oligomer Chemical Shift d (ppm)

1
2
3
4
5

PIn
LaePIn
CeePIn
PrePIn
NdePIn

NeH CeC
stretching
mode of
aromatic
ring

CeN
CeOeC CeH
stretching
bending
out of
plane of
benzene

3413
3405
3409
3412
3410

1331
1333
1332
1334
1335

1420e1618
1414e1617
1411e1620
1409e1623
1407e1622

1103
1095
1101
1116
1099

744
741
743
742
742

and 35.019 in the supplementary information (SI 2a)
indicates the presence of lanthanum [39] whereas in
case of praseodymium (SI 2b) these peaks are found at
2q ¼ 26.659 , 35.085 and 39.119 which shows the
presence of praseodymium in indole oligomer [62].
The peaks at 2q ¼ 33.080 and 28.463 (SI 2c) in the
sample NdePIn designate the existence of neodymium
in these materials [40,41]. The appearance of peaks of
LaePIn and Nd-PIn show the existence of these materials in microcrystalline form, whereas some sharp
peaks of PrePIn indicate the crystalline nature of this
material.

NeH CeH (Aromatic Ring) CeH
CeH
2-Position 3-Position
1
2
3
4
5

PIn
LaePIn
CeePIn
PrePIn
NdePIn

8.91
9.01
9.16
9.11
9.14

7e8
7e8
7e8
7e8
7e8

7.24
7.23
7.23
7.24
7.25

6.56
6.54
6.55
6.54
6.56

The average crystallite size was calculated by the
Debye-Scherer formula using the peaks having 2q
and FWHM value and these are given in Table 5.
All these average crystallite size fall in the
nanometer range.
4.5. TGA-DTG-DSC studies
The thermal behavior of the oligomers was studied
by the TGA, DTG and DSC curves which were obtained by implying gradual heat from room temperature to 1400  C in a nitrogen atmosphere. The TGDSC curves can be seen in Fig. 3. All the differently
synthesized oligomer of indole shows good resistivity
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Fig. 2. 1H NMR peaks of LaePIn.

Table 5
PXRD details of oligomers.
S. No. Oligomer 2q ( )

FWHM Average
Nature
(mm)
crystallite
size (nm)

1

LaePIn

2

PrePIn

3

NdePIn

3.83
2.85
3.01
5.28
7.57
6.01
4.32
3.88
2.37
2.74
2.63

08.280
26.725
35.049
11.776
16.687
26.659
35.085
39.119
09.399
28.463
33.080

47.37

Microcrystalline

29.59

Crystalline

57.86

Microcrystalline

against the applied temperature. The decomposition
point obtained by the DSC curve is found between
661 and 681  C showing its good stability against the
heat. The absence of any endothermic peak at a lower
temperature in the starting of the DSC curve indicates there is a lack of any moisture or volatile/
water entity.

The TG-DTG curves indicates the weight loss of the
oligomers in two steps: First, at a temperature of
around 372 and 345  C is due to degradation of the
backbone chain of the polyindole skeleton
[30,35,42,43]. The first weight loss found in PIn was
around 372  C showing the weight loss of 27.20% of
the oligomer, whereas the catalyzed product i.e.
LaePIn, CeePIn, PrePIn, and NdePIn showed the
first decomposition at 341e349  C with a weight loss
of ~22%. The second weight loss was found in PIn at a
somewhat lower temperature i.e. at 625  C with ~34%
weight loss leading the formation of a thermally stable
heterodimer. The second weight loss of about 41% was
found in LaePIn, CeePIn, PrePIn, and NdePIn at
~640  C. After both weight losses, a dimer of indole
which was interlinked by an oxygen atom was found
stable. The 19.61% of the PIn sample was remained
after annealing till 1400  C, whereas the remaining
percentage of the sample of LaePIn, CeePIn, Pr-PIn,
and NdePIn are quite higher i.e. 21.29, 21.06, 20.40,
20.67%. These weight losses are summarized in Table
6. The results indicate that due to the presence of
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Fig. 3. (a)TG-DSC curves of PIn. (b)TG-DSC curves of LaePIn.

Table 6
Thermogravimetric decomposition pattern and stability towards
temperature.

oxides of lanthanides they were decomposed at a
higher temperature.

S. Oligomer M.P Temperature Weight Fragments
No.
( C) ( C)
loss % lost

% Remain
at 1400  C

4.6. Study of magnetic behavior

1

PIn

19.61

2

LaePIn

3

CeePIn

4

PrePIn

5

NdePIn

661 372
625
681 349
641
679 346
644
674 341
638
673 342
636

27.20
33.71
22.69
65.02
22.02
41.22
22.48
41.96
22.18
41.42

C13H5N1O0
C11H10N2O3
C11H5N1O0
C15H10N2O3
C11H5N1O0
C15H10N2O3
C11H5N1O0
C15H10N2O3
C11H5N1O0
C15H10N2O3

21.29
21.06
20.40
20.67

The magnetic properties like magnetization (Ms),
retentivity (Mr), coercivity (Hci) and effective
magnetic moment (meff) of oligomers have been
studied by the M-H hysteresis curves. The hysteresis
curve of one of the examples is given in Fig. 4. The
nature of the curve indicates that the analyzed material could be slight paramagnetic. This statement is
justified by the calculated value of effective magnetic moment which was obtained by the
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Fig. 4. M-H hysteresis loop of PrePIn showing paramagnetic nature of the oligomer.

magnetization, applied a magnetic field and molar
susceptibility. The value of effective magnetic
moment found to be above zero which sustains that
these oligomers are paramagnetic. The magnetic
properties including meff of oligomers are given in
Table 7.
4.7. Micrographic studies
To make known the particle sizes of differently
synthesized and catalyzed oligomers of indole, they
were subjected to SEM and TEM studies. From the
SEM micrograph, the PIn, as well as all the catalyzed
products (LaePIn, CeePIn, PrePIn, and NdePIn)
were found to be of nanometer sized. From SEM
studies it is depicted that all the differently synthesized hetero-oligomers have different morphology at
its surface. The PrePIn and CeePIn have globular
morphology, while the NdePIn has a fused structure
at its surface. The LaePIn also shows globular

Table 8
SEM microstructural investigation.

Table 7
Details of magnetic properties.
S. No. Oligomer Ms (emu)
1
2
3
4
5

PIn
LaePIn
CeePIn
PrePIn
NdePIn

2.96
2.90
2.84
2.89
2.80







103
103
103
103
103

morphology but tending to fuse with each other.
Different morphology indicates the presence of
different dopants in different materials. The sizes and
shapes of these oligomers are given in Table 8 and
these are seen in Fig. 5. The increase in the size of
particles in comparison to the size of crystallite obtained by PXRD is due to the intermolecular hydrogen
bonding which results in associated molecules of
large particle size at the surface [44,45].
The inner core shell size of the particles/grain was
obtained using TEM images. These particles/grains
also have the size in nanometer range. By taking a
particular example of PrePIn (Fig. 6) it can be seen
that it has spindled shape structures which are overlapped with each other. The measured inner core shell
size of this sample was found 0.19 nm (supplementary
information SI 3a). The SAED patter reveals that this
oligomer is of crystalline in nature (supplementary
information SI 3b).

Mr (emu)
89.24
90.12
90.23
90.46
90.87







106
106
106
106
106

S. No.

Oligomer

Average particle
size (nm)

Shape

1
2
3
4
5

PIn
LaePIn
CeePIn
PrePIn
NdePIn

232
315
312
236
18

Globular
Fused, irregular spheres
Globular
Globular
Fused

Hci (G) meff (B.M)
325
326
326
327
327

0.011
0.014
0.016
0.031
0.024
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Fig. 5. SEM images of PIn, LaePIn, CeePIn, PrePIn and NdePIn.

4.8. Conductivity measurements
The conductivity of differently synthesized hetero-oligomers was studied in acetonitrile solution

at room temperature. The reported value conductivity of acetonitrile is 7 mU1cm1 and conductivity of indole was found around 58 mU1cm1.
The conductivity was measured at different

I. Ameen et al. / Karbala International Journal of Modern Science 6 (2020) 103e116
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Table 9
Conductivity of different oligomers at various concentrations.
S. No. Concentration Conductivity (S/cm)  103
(N)
PIn LaePIn CeePIn PrePIn NdePIn
1
2
3
4

Fig. 6. TEM image of the oligomer PrePIn.

concentrations of indole as well as catalyzed and
non-catalyzed hetero-oligomers. The hetero-oligomers showed high conductivity in comparison to its
monomer, the reason can be the resonating structure formed by polymerization causes the polarity
which leads to conductance. The indole showed
very less effect of the change in concentration,

0.04
0.02
0.0133
0.01

50.9
82.1
59.3
58.6

52.3
83.5
68.7
61.8

52.0
85.7
66.2
62.4

55.6
85.9
70.1
67.7

59.9
84.8
70.7
66.9

while the hetero-oligomers were showing a great
variation with change in concentration. On
increasing dilution, the ionization occurs easily
hence conductance increases, whereas on further
decreasing concentration, the ions per unit volume
decrease leading to a decrease in conductance. The
conductivity of these hetero-oligomers is found
highest at N/50 concentration while decreasing or
increasing concentration the conductivity decreases
steeply. The conductivity dependence of concentration is clearly shown in Fig. 7 and the related
details are summarized in Table 9. The conductivity is in the range of 103 S cm1, which is
close to the literature value [41] which tells that
the polymerized indole using FeCl3 oxidant follows
the same order. Their conductivity study shows that
these oligomers can be used as a semiconductor.
This statement is supported by the tauc-plot of
oligomers [supplementary information SI 4]

Fig. 7. Conductive measurement of different oligomers with respect to concentration.
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Table 10
Details of luminescence properties the oligomers.
S. No. Oligomer Absorption Excitation Emission Anti-stoke
maxima
maxima
maxima Shift
(nm)
(nm)
(nm)
1
2
3
4
5

Fig. 8. (a)Absorption spectrum of PIn.(b)Absorption spectrum of
LaePIn.

showing the bandgap which resembles the property
of a semiconductor.
4.9. Absorption, excitation and emission studies
The non-catalyzed hetero oligomer shows an absorption peak at around 722 nm, whereas the catalyzed hetero-oligomers exhibit absorption in the
range 808e824 nm. All these peaks resemble the
existence of polaron in the indole oligomers [46e48].
The electric conductivity is somewhat due to the
presence of this polaron [47]. These peaks are given
in Fig. 8.
To study the luminescence behavior of the indole
oligomers, excitation and emission studies have been

PIn
LaePIn
CeePIn
PrePIn
NdePIn

722
824
808
812
819

427
429
430
429
428

395
395
395
394
395

32
34
35
35
33

done. The absorption, emission and excitation
maxima of different types of oligomers are given in
Table 10. From the given Table 10 it can be seen
that the emission maxima are found at a somewhat
lower wavelength concerning its excitation maxima.
This is due to the triplet-triplet annihilation and
Dexter-type energy transfer. This phenomenon is
known as the upconversion of the photon. This leads
to the upconversion of violet light to the far IR region. The Dexter type energy transfer is nonlinear
energy transfer which involves multiple steps
[49,50]. The triplet-triplet annihilation system consists of a sensitizer which acts as a donor and
another species which act as acceptor or Annihilator.
The donor should have a narrow singlet-triplet gap
which upon absorption of photon allows forming
excitation of triplet state via intersystem crossing,
which further transfers energy to the chromophore
[51e55]. The chromophore should have a large
singlet-triplet gap and forbidden intersystem
crossing and should also have high quantum yield
[56e61].
In the case of synthesized oligomers, the indole
moiety with an oxygen atom (having a narrow singlettriplet gap due to the presence of oxygen) acts as an
anti-aromatic photosensitizer and the indole moiety
solely act as acceptor (having a large singlet-triplet gap
and high quantum yield). On absorbing energy
C8H5NO (which originally has 10p electron systems)
loses its aromaticity due to the presence of oxygen and
produces metastable Baird anti-aromatic triplet species. This sensitizer transfers its energy to acceptor via
intersystem crossing and regeneration of ground state
sensitizer occurs. This process is repeated to form
another long-lived excited triplet acceptor. The interaction of two triplet excited acceptors via secondary
energy transfer process leads to the triplet-triplet
annihilation. In triplet-triplet annihilation, the triplet
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Fig. 9. (a)Excitation and emission spectrum of PIn. (b)Excitation and emission spectrum of LaePIn.

energies combine which converts low energy photons
to high energy photons [53,62,63]. High energy photon
results in low wavelength which is clearly seen in
Fig. 9.
5. Conclusions
The indole monomers were polymerized effectively
with the help of different LnCl3. In contrast to previous
reports, the temperature was elevated to increase the
collision of the molecules which leads to the decrease
the reaction time. The FTIR and NMR studies reveal

that the polymerization occurs from the 2nd and 3rd
position of the five-membered ring of indole, leaving
the eNH position as such. The mass spectrometry
confirms the existence of polyindole as a pentamer. TG
studies indicate the thermal behavior and stability of
the oligomer with respect to temperature. The conductivity measurement depicted that these oligomers
show the electrical conductivity comparable to previously synthesized polyindoles. The absorption spectrum indicates the existence of polaron in the oligomer
structure. The value of emission maxima shows that
there is a phenomenon of photon upconversion occurs.
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The LnCl3 was used to tune the shape and sizes of
indole oligomers, to decrease the reaction time and to
enhance the semiconducting properties as well. Since
these lanthanide elements are positively charged carriers hence these materials can act as a p-type semiconductor. In the future, we will explore the effect of
the addition of all lanthanide salts on the sizes and
shapes of indole oligomers.
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(Undoped)
LaePIn IneOeIn catalyzed and doped by
LaCl3$7H2O (Dopant: Lanthanum)
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(Dopant: Praseodymium)
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NdCl3$6H2O (Dopant: Neodymium)
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